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SYSTEM FOR CONTROLLING FLUID FLOW 

This application claims the bene?t of US. Provisional 
Application No. 60/877,372, ?led Dec. 28, 2006. 

TECHNICAL FIELD 

This disclosure relates generally to internal combustion 
engines and more speci?cally to a system and a method for 
controlling ?uid ?oW to or from a cylinder of the internal 
combustion engine. 

BACKGROUND 

Internal combustion engines typically have a main body 
forming cylinders and a cylinder head for closing one end of 
cylinders. The cylinders, pistons reciprocating in the cylin 
ders, and the cylinder head de?ne a combustion chamber 
having a variable volume therebetWeen. A valve is arranged in 
the internal combustion engine, to provide one of a ?oW of air 
and a mixture of air and fuel into the combustion chamber. 
Typically a separate valve is arranged in the cylinder head to 
provide exhausting of exhaust gases from the combustion 
chamber. 

In most internal combustion engines poppet valves are 
used to control the in?oW and out?oW of gases into the com 
bustion chamber. These poppet valves are typically activated 
by a camshaft, Which is rotatably coupled by a drive element 
to a crankshaft of the internal combustion engine. The rotat 
able coupling of the crankshaft to the camshaft provides a 
constant ratio between the speed of rotation of the crankshaft 
and the speed of rotation of the camshaft. The activation of the 
individual valves is thus ?xed to the rotation of the crankshaft. 
No independent control of the valves is possible even if it is 
desired to achieve improved engine performance and/or 
emission characteristics. 

The poppet valves are typically spring biased to a closed 
position thereof. To open the valve, the camshaft has to ?rst 
overcome the bias of the springs, Which leads to large energy 
expenditure for opening of the valves. 
An alternative internal combustion engine using spherical 

rotary intake and outlet valves in a cylinder head is shoWn in 
US. Pat. No. 6,779,504, issued to Coates on Aug. 24, 2004. 
The Coates cylinder head is formed by tWo separate body 
portion. The body portions When assembled to each other 
de?ne a plurality of spherical valve chambers each con 
formed to the shape of a single spherical valve to be accom 
modated therein. The spherical rotary valves are mounted to 
a drive shaft, Which is rotatably coupled to the crankshaft of 
the internal combustion engine. The rotatable coupling of the 
crankshaft to the camshaft again provides a constant ratio 
betWeen the speed of rotation of the crankshaft and the speed 
of rotation of the camshaft. 

FloW of air betWeen the cylinder head and the cylinder is 
controlled by each of the spherical rotary valves accommo 
dated in the cylinder head. In particular, ?oW of gases is 
alloWed through an opening in the spherical surface of the 
rotary valve, Which is brought into alignment With a ?oW 
opening in the loWer body part of the cylinder head, and 
through the side surfaces of the spherical rotary valves. 

At the beginning of a valve opening event, the ?oW through 
the rotary valve increases gradually. Similarly, at the end of an 
opening event, the ?oW through the rotary valve decreases 
gradually. A fast opening and closing Would, hoWever, be 
desired to optimiZe the ?oW of gases through the rotary 
valves. 
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2 
The present application is directed to overcoming one or 

more of the problems set forth above. 

SUMMARY 

In one aspect, the present disclosure is directed to a system 
for controlling ?uid ?oW to or from a cylinder of an internal 
combustion engine. The system may include a drive shaft 
having a rotary valve mounted thereon. A cylinder head may 
be provided to accommodate the rotary valve and at least part 
of the drive shaft therein. The rotary valve may be arranged in 
the cylinder head to selectively open or close a ?oW opening 
therein. The system may also include a source of rotation and 
a mechanical drive train rotatably coupling the source of 
rotation to the drive shaft. The mechanical drive train may 
have a non-circular element rotatably coupled to the source of 
rotation and a non-circular element rotatably coupled to the 
drive shaft. The non-circular elements may be rotatably 
coupled to cause a speed variation in one of the non-circular 
elements upon a constant rotation of the other non-circular 
elements. 

In another aspect, the present disclosure is directed to a 
method for controlling ?uid ?oW to or from a cylinder of an 
internal combustion engine. The method may include rotating 
a rotary valve accommodated in a cylinder head associated 
With the cylinder. The rotary valve may be arranged in the 
cylinder head to selectively open or close a ?oW opening 
therein. Additionally, the speed of rotation of the rotary valve 
may be varied during a single rotation thereof betWeen at least 
tWo different speeds. 

In yet another aspect, the present disclosure is directed to a 
system for controlling ?uid ?oW to or from a cylinder of an 
internal combustion engine. The system may include a drive 
shaft having a rotary valve mounted thereon. A cylinder head 
may be provided to accommodate the rotary valve and at least 
part of the drive shaft therein. The rotary valve may be 
arranged in the cylinder head to selectively open or close a 
?oW opening therein. The system may also include a source of 
rotation and a mechanical drive train rotatably coupling the 
source of rotation to the drive shaft. The mechanical drive 
train may include a non-circular element rotatably coupled to 
one of the source of rotation and the drive shaft and a circular 
element rotatably coupled to the other one of the drive shaft 
and the source of rotation. The non-circular element and the 
circular element may be rotatably coupled to cause a speed 
variation in one of the non-circular and circular elements 
upon a constant rotation of the other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of parts of an internal combus 
tion engine having an exemplary cylinder head; 

FIG. 2 is a perspective vieW of the cylinder head of FIG. 1; 
FIG. 3 is a top vieW of the cylinder head of FIG. 2; 
FIG. 4 is a perspective vieW shoWing the bottom of the 

cylinder head of FIG. 1; 
FIG. 5 is a perspective shoWing the top of the cylinder head 

of FIG. 1, having a cover plate mounted thereon; 
FIG. 6 is a cross-sectional vieW of the cylinder head along 

line VI-VI in FIG. 3, having additional elements mounted 
therein; 

FIG. 7 is a cross-sectional vieW along line VII-VII in FIG. 
6; 

FIG. 8 is a cross-sectional vieW along lineVIII-VIII in FIG. 
7; 

FIG. 9 is a partial top vieW of the cylinder head of FIG. 2, 
having rotary valves arranged therein; 
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FIG. 10 is an end vieW of an alternative cylinder head; 
FIG. 11 is a top vieW of an exemplary rotary valve to be 

used in a cylinder head of an internal combustion engine; 
FIG. 12 is a cross-sectional vieW of the rotary valve along 

line B-B in FIG. 11; 
FIG. 13 is a side vieW of the rotary valve of FIG. 11; 
FIG. 14 is a cross-sectional vieW of the rotary valve along 

line A-A in FIG. 11; 
FIG. 15 is another side vieW of the rotary valve of FIG. 11; 
FIG. 16 is perspective vieW of the rotary valve of FIG. 11; 
FIG. 17 is cross-sectional vieW similar to FIG. 14 of an 

alternative rotary valve; 
FIG. 18 is cross-sectional vieW similar to FIG. 12 of an 

alternative rotary valve; 
FIG. 19 is cross-sectional vieW of a drive shaft for rotating 

rotary valves; 
FIG. 20 is an enlarged cross-sectional vieW of a section of 

the drive shaft according to FIG. 19, having a rotary valve 
mounted thereon; 

FIG. 21(a) is a cross-sectional vieW of a de?ector/bearing 
assembly; 

FIG. 21(b) is a cross-sectional vieW of an alternative 
de?ector/bearing assembly; 

FIG. 22 is a cross-sectional vieW of a de?ector assembly; 
FIG. 23 is a schematic end vieW of an internal combustion 

engine shoWing a drive mechanism for driving rotary valves 
arranged in the cylinder head of the internal combustion 
engine; 

FIG. 24(a) is an end vieW of an internal combustion engine; 
FIG. 24(b) is a top vieW of an internal combustion engine, 

shoWing an alternative drive mechanism for driving rotary 
valves arranged Within the cylinder head of the engine; 

FIG. 25 is an end vieW of an internal combustion engine 
shoWing another alternative drive mechanism for driving 
rotary valves arranged Within the cylinder head of the com 
bustion engine; 

FIG. 25(a) is an end vieW of an internal combustion engine 
shoWing another alternative drive mechanism for driving 
rotary valves arranged Within the cylinder head of the com 
bustion engine; 

FIG. 26(a) is an end vieW of an internal combustion engine; 
FIG. 26(b) is a top vieW of an internal combustion engine; 

and 
FIG. 26(c) is an enlarged schematic cross-sectional vieW 

through a drive motor; Wherein a further alternative drive 
mechanism for driving rotary valves arranged Within the cyl 
inder head is shoWn. 

DETAILED DESCRIPTION 

In the folloWing description, relative terms such as top, 
bottom, side, left, right, etc., may be used to describe certain 
elements. These relative terms are used for descriptive pur 
poses only and should not be construed to limit the applica 
tion. In the folloWing, a ?oW area Will be speci?ed for open 
ings and passages, etc. In these instances the term “?oW area” 
Will relate to the smallest cross sectional area of the opening, 
passage, etc. 

Reference signs are used in the folloWing description and 
draWings to describe the examples shoWn in the draWings. 
Throughout the different vieWs and examples, the same ref 
erence signs may be used to designate similar parts. 

FIG. 1 shoWs a perspective vieW of an internal combustion 
engine 1 in accordance With an embodiment of the applica 
tion. For simpli?cation, an engine mainbody 3 and crankshaft 
housing 4 are only schematically shoWn, While a cylinder 
head 7 of the engine 1 is shoWn in more detail. As one of 
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4 
ordinary skill Would recogniZe, engine main body 3 may have 
at least one cylinder (not shoWn) formed therein, for accom 
modating a corresponding number of pistons therein. The 
exemplary engine main body 3 shoWn in FIG. 1 has four 
cylinders formed therein. The present application, hoWever, is 
not limited to an engine having four cylinders. 
The crankshaft housing 4 is adapted to accommodate a 

crankshaft Which is coupled to the pistons as is knoWn in the 
art. The crankshaft housing 4 has an opening 9 in at least one 
end thereof to alloW part of the crankshaft to extend outside of 
the crankshaft housing 4. 

The cylinder head 7 Will noW be described in more detail 
With respect to FIGS. 2-9 of the draWings Which shoW an 
exemplary cylinder head. The cylinder head 7 includes a 
single piece cylinder mainbody 11 and a coverplate 12 Which 
is best shoWn in FIG. 5. The cylinder main body 11 has a top 
surface 15 (best seen in FIGS. 2 and 3), a bottom surface 16 
(best seen in FIG. 4), opposite end faces 17 and 18 (best seen 
in FIGS. 4 and 5), and opposite sides 19, 20 (best seen in 
FIGS. 4 and 5). 
The cylinder main body 11 has a plurality of valve cham 

bers 24 formed therein as is best shoWn in the cross-sectional 
vieWs of FIGS. 6-8. In particular, eight separate valve cham 
bers 24 are provided. The valve chambers 24 are divided into 
tWo groups A and B (FIG. 7) of four valve chambers 24 each. 
The tWo groups A and B of valve chambers 24 each form a 
roW of adjacent valve chambers 24. The valve chambers 24 of 
group A are air-inlet chambers and the valve chambers 24 of 
group B are exhaust chambers, as Will become more apparent 
beloW. A bottom section of the valve chambers 24 (i.e., adja 
cent the bottom surface 116) is shaped to conform to the shape 
of the rotary valve to be received therein. Passages 27, 28 
extending betWeen the end faces 17, 18 and through the valve 
chambers of groups A, B, respectively, are formed in the main 
body 11. 
As Will be described in more detail herein beloW, each 

valve chamber 24 is shaped to accommodate tWo rotary 
valves 30 in a side-by-side arrangement, for example, as 
shoWn in FIG. 7. 

Insertion passages 32 are provided in the cylinder main 
body 11 of the cylinder head 7 extending betWeen each of the 
valve chambers 24 and the top surface 15.As may be best seen 
in FIG. 3, each of the passages 32 de?nes a generally heart 
shaped opening 33 in the top surface 15. Each opening 33 and 
insertion passage 32 is siZed to alloW a rotary valve 30 to be 
inserted therethrough into the associated valve chamber 24. 
Each insertion passage 32 Widens from its respective opening 
toWards its respective valve chamber 24 in a longitudinal 
direction (see FIG. 6), but has a constant Width in a direction 
normal to the longitudinal direction (see FIG. 8). 

FloW passages 36 are provided in the main body 11 extend 
ing betWeen each valve chamber 24 and the bottom surface 
16. TWo ?oW passages 36 are provided betWeen each valve 
chamber 24 and the bottom surface 16 (one for each rotary 
valve to be accommodated therein). In particular, the ?oW 
passages 36 extend betWeen the valve chambers 24 and 
recesses 38 formed in the bottom surface of the main body 11. 
In the exemplary cylinder head 7, four recesses 38 are formed. 
The recesses 38 are siZed to correspond to the cylinders 
formed in the engine main body and are arranged to be 
aligned thereWith. The recesses 38 form so-called ?ame faces 
for the cylinders in the engine main body. Each recess 38 is 
?uidly connected to tWo separate valve chambers 24, one 
valve chamber 24 of group A and one valve chamber 24 of 
group B. Each of the ?oW passages 36 de?nes an opening 39 
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in one of the spherical recessions 38. Each ?oW passage 36 
tapers from its respective valve chamber 24 towards the cor 
responding opening 39. 

In several of the ?gures, it can be seen that certain of the 
How passages 36 and their corresponding openings 39 
toWards the spherical recessions 38 are of a different siZe to 
others. The reason for these different siZes being that the How 
passages 36 having smaller dimensions are shoWn in a pre 
?nished state, such as a cast state. The How passages 36, 
hoWever, having larger dimensions are shoWn in a ?nished 
state. It should be noted that only the valve chambers 24 
having the rotary valves 30 shoWn therein are shoWn in a 
?nished state. The other valve chambers 24 (and passages 
36), hoWever, Will be similar to those having the rotary valves 
30 therein, once they are ?nished. 

The insertion passages 32 and the How passages 36 are 
arranged in the engine main body 11 such that there is a 
substantially straight line of access through the insertion pas 
sages 32 toWards the How passages 36. Circular sealing 
arrangements 44 are provided Within each valve chamber 24 
(once they are ?nished). The circular sealing arrangements 
are arranged such that they surround each opening of the 
passage 36 toWards the valve chamber 24 and are arranged 
coaxially thereto. Each sealing arrangement 44 is accommo 
dated in a corresponding seat, machined into a surface of the 
valve chamber surrounding each passage 36 (see FIG. 6). 
A longitudinally extending air-duct 47 is provided in the 

exemplary main body 11. The air-duct 47 is open toWards the 
end face 18 at opening 48. The opening 48 may be closed by 
a cover (not shoWn), When the cylinder head 7 is assembled. 
Passages 49 and 50 are provided Which extend betWeen the 
air-duct 47 and the top surface 15. The air-duct 47 extends 
adjacent the side 19 of the main body. In the area of the 
air-duct 47, the bottom surface 16 is recessed. 
A How passage 55 is provided betWeen each valve chamber 

24 of group A of the valve chambers 24 and air-duct 47. The 
How area of the How passage 55 is larger than the combined 
?oW area of the How passages 36 associated With the valve 
chamber 24 to Which the How passage 55 is connected. Also, 
the How area of the air-duct 47 is larger than the How area of 
the How passage 55. 
An exhaust passage 60 is provided betWeen each valve 

chamber 24 of group B and the side 20 of the main body 11. 
Each exhaust passage 60 opens toWards the side 20 of the 
cylinder main body 11 at a corresponding opening 62. The 
How passages 60 each taper from their corresponding valve 
chamber 24 toWards the side 20 of the main body. The How 
area of the How passage 60 at the opening 62, hoWever, is 
larger than the combined ?oW area of the How passages 32 
associated With one of the valve chambers of group B. 

The cylinder main body 11 also has mounting holes 65 
extending betWeen the top surface 15 and the bottom surface 
16. At the top surface 15, the mounting holes 65 have an 
enlarged diameter to alloW the head of a mounting bolt to be 
received therein. 

The cylinder main body 11 also has injector passages 67 
Which extend betWeen the top surface 15 and the bottom 
surface 16 thereof. The injector passages are each arranged to 
open in the center of one of the spherical recessions 38 formed 
in the bottom surface 16 of the main body 11. The injector 
passages 67 extend through a part of the main body Which 
separates the group A of the valve chambers 24 from the 
group B. As is best shoWn in FIG. 8, the injector passage has 
multiple steps decreasing in diameter from the top surface 15 
toWards the bottom surface 16 of the main body 11. Similarly, 
the Wall portion separating the tWo valve chambers 24 of 
groups A and B also decreases in Width from the top surface 
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6 
15 toWards the bottom surface 16. Further, mounting holes 69 
and 70 are provided in the top surface 15. The mounting holes 
69 and 70 are provided With internal threads. The mounting 
holes 70 are arranged on a line With the injector passages 67. 

The top surface 15 has a recessed main part of a rectangular 
shape. The recessed main part has a ?nished surface to alloW 
sealing to the cover plate 12, as Will be described beloW. The 
insertion openings 33, the mounting holes 65, the injector 
passages 67, and the mounting holes 69 and 70 are each 
formed in the recessed main part of the top surface 15. The top 
surface 15 also has a ?nished ?at surface surrounding each of 
the passages 49 and 50, to alloW sealing to air supply ducts, as 
Will be described in more detail beloW. 
The bottom surface 16 has a ?nished ?at main surface for 

sealing to the engine main body. Outside of the sealing sur 
face, the spherical recessions 38 and the recess 53 are pro 
vided. 
The side 20 of the cylinder main body 11 also has ?nished 

?at surfaces, at least around the openings 62 of the How 
passages 60, to alloW sealing to an exhaust manifold. 

The cover plate 12 is a substantially ?at rectangular plate. 
The cover plate 12 is dimensioned to sit in the recessed main 
part of the top surface 15 of the main body 11. The cover plate 
12 has a top surface 80 and a bottom surface 82. The bottom 
surface 82 is a ?at ?nished surface, to alloW sealing to the 
recessed main part of the top surface 15 of the main body 11. 
Even though not shoWn, a sealing arrangement may be 
arranged betWeen the cover plate 12 and the cylinder head 7, 
When mounted thereon. 
The cover plate 12 has a plurality of mounting holes 84 

extending betWeen its top surface 80 and its bottom surface 
82. The number of mounting holes 84 and their arrangement 
corresponds to the number and arrangement of mounting 
holes 69 and 70 formed in the top surface 15 of the main body 
11. The cover plate 12 also has openings 86 extending 
betWeen the top and bottom surface thereof. The openings 86 
are siZed to accommodate part of an injector arrangement (not 
shoWn) therein. The openings 86 are arranged such that they 
are aligned With the injector passages 67 in the main body 11, 
When the cover plate 12 is mounted thereon. 

Having described above an exemplary cylinder head 7, it 
should be noted that the application is not limited to the 
speci?c cylinder head con?guration. In particular, as men 
tioned above, the valve chamber 24 is shaped to receive tWo 
rotary valves 3 0 therein. The valve chamber 24, hoWever, may 
be shaped to receive a single rotary valve or a larger number 
than tWo rotary valves 3 0 therein. Furthermore, if tWo or more 
rotary valves 30 are used, these do not necessarily have to be 
arranged in a side-by-side arrangement as shoWn. 

Independent of the number of rotary valves 30 per valve 
chamber 24, the several passages arranged Within the cylinder 
head 7 may remain the same. Only the number of How pas 
sages 36 might be adapted. Furthermore, the cylinder head 7 
as shoWn is con?gured to serve four cylinders of an internal 
combustion engine. The cylinder head 7 may, hoWever, be 
adapted to serve any number of cylinders. Especially in large 
engine applications, one cylinder head may be provided per 
cylinder of the engine. 
Even though the cylinder main body 11 of the cylinder 

head 7 is shoWn as a single piece cylinder main body 11 
having valve chambers 24 formed therein, the cylinder main 
body 11 could include tWo or more body parts, such as an 
upper and a loWer body part, Which When assembled form the 
valve chambers 24 and the respective ?oW passages. In such 
a split design, the insertion openings 32 may be dispensed, as 
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cylinders may be inserted into the valve chambers 24 before 
assembly of the body parts. For the same reason, the cover 
plate 12 could be dispensed. 
Where the cover plate 12 is used to cover the insertion 

openings 32 in the cylinder head 7, the surface of the cover 
plate 12 facing to the cylinder head 7 may not be ?at. It may 
rather have one or more projections dimensioned to ?t into the 
insertion passages 32 to at least partially ?ll those. Apart from 
such projections, the surface of the cover plate 12 facing the 
cylinder head 7 may again be a ?at ?nished sealing surface. 
Though not shoWn, cooling ?uid passages may be arranged 

Within the cylinder head main body 11 of the cylinder head 7. 
In particular, a cooling ?uid passage may be provided Within 
an elevated Wall portion betWeen adjacent ?oW passages 36, 
adjacent each valve chamber 24, and in particular circumfer 
entially around the longitudinally extending passages 27 and 
28. In the one-piece design of the cylinder main body 11 
cooling ?uid passages may extend substantially from the 
bottom to the top of the one piece cylinder head main body 11. 

In the example shoWn in FIG. 7, longitudinal passages 27, 
28 are provided in the cylinder head 7. It Would also be 
possible to provide passages extending transverse in the valve 
body to accommodate a drive shaft therethrough. In such a 
case, the drive shaft Would extend from the side portions of 
the cylinder head 7. The valve chamber 24 may be adapted 
accordingly and possibly the location of some of the ?oW 
passages also may be adapted. Having passages for accom 
modating drive shafts extending transverse to the valve body 
may be an option in a cylinder head con?gured for a single 
cylinder. 

FIG. 10 shoWs schematically an end vieW of another exem 
plary cylinder head 107. The cylinder head 107 has a cylinder 
head main body 111 having a top surface 115, a bottom 
surface 116, end faces (only one of Which is shoWn), and sides 
119 and 120. Valve chambers 124 are provided Within the 
cylinder head main body 111. The valve chamber 24 may be 
of substantially the same shape as in the cylinder head 7 
described above. The valve chamber 124 and other internal 
parts of the cylinder head main body 111, Which Will be 
described herein beloW, are indicated by broken lines. 

Longitudinal passages 127 and 128 extend betWeen the end 
faces of the cylinder head main body 111. The passages 127, 
128 are again arranged to extend through separate groups A, 
B of valve chambers 124. Rotary valves 130 are schemati 
cally indicated, to be received in the valve chambers 124. 
Passages 132 are provided in the cylinder head main body 111 
extending betWeen each of the valve chamber 124 and the top 
surface 115. The bottom surface 116 again has recessions 138 
and ?oW openings betWeen the individual valve chamber 124 
and the recessions 138 are provided as in the cylinder head 7, 
described With respect to FIGS. 1 -9. An injector passage 67 is 
also provided betWeen each recession 138 in the bottom sur 
face 116 and the top surface 115. 
One major difference betWeen the cylinder head 107 and 

the cylinder head 7 described before is that no additional ?oW 
passages such as the ?oW passages 47, 55, and 60 are pro 
vided. Fluid ?oW into or out of the respective valve chamber 
124 is provided via the passage 132 Which is a combined 
insertion/?oW passage. Furthermore, the shape of the top 
surface 115 differs from the shape of the top surface 15 
described before. 

The top surface 115 of the cylinder head mainbody 111 has 
a longitudinally extending central portion 180 Which is hori 
Zontally arranged. A part 181 of the top surface 115 is angled 
With respect to the central part 180 and extends betWeen the 
central part 180 and the side 119. A further part 182 ofthe top 
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8 
surface 115 is also angled With respect to the central part 180 
and extends betWeen the central part 180 and the side 120. 

Passages 132 extending from valve chambers 124 of group 
A open toWards part 181 ofthe top surface 115. Passages 132 
extending from valve chambers 124 of group B open toWards 
part 182 ofthe top surface 115. The passages 132 have a main 
extension Which is substantially at right angles to its respec 
tive part 181, 182. The parts 181 and 182 of the top surface 
115 are angled With the same angle With respect to the central 
part 180. The part 181 is arranged With respect to the spherical 
recession 138 in the bottom surface 116, such that a plane 
parallel to the part 181 may be tangential to the spherical 
recession 138 in the area of the valve chamber. The same is 
true for part 182. 

The cylinder head 107 may thus be formed symmetrical 
With respect to a longitudinal plane extending normal and 
through the center of part 180 of the top surface 115. The parts 
181 and 182 are each substantially ?at and are ?nished in 
order to alloW a sealing to respective ?oW manifolds (not 
shoWn) to be mounted thereon and sealed thereWith. Respec 
tive mounting holes (not shoWn) are provided in each of the 
parts 181 and 182 ofthe top surface 115. 
Even though the top surface 115 described above has a 

central part and tWo angled parts, it Would be possible to 
dispense With the central part 180 and just to have tWo angled 
parts. The angled parts Would be angled With respect to each 
other and With respect to the bottom surface of the cylinder 
head 107. An angle included betWeen angled part 181 or 
angled part 182 is for example in a range betWeen 20 to 50 
degrees or in a range betWeen 30 to 40 degrees. 
As mentioned above, each of the valve chambers 24 or 124 

of the cylinder head 7 or 107 is shaped to accommodate tWo 
rotary valves 30 therein, but may also be shaped to accom 
modate a single rotary valve or more than tWo. 
An exemplary rotary valve 30 Will noW be described in 

more detail With reference to FIGS. 11-16. The rotary valve 
30 according to the embodiment shoWn in FIGS. 11-16 has a 
body 202 Which is made, for example, of a metal, a ceramic or 
a combination thereof, in the shape of a spherical segment. 
The body has a spherical Zone 204 and tWo parallel, generally 
?at side portions 206 and 208. The side portions 206, 208 are 
equidistant from a midpoint of the spherical Zone 204. 
The spherical Zone 204 is generally rotationally symmetric 

With respect to an axis of rotation of the rotary valve 30. Any 
openings provided in the spherical Zone 204 are not consid 
ered to break this rotational symmetry even if these openings 
are not arranged in a rotationally symmetric manner. As used 
herein, if reference is made to a rotational symmetry of an 
element or a portion thereof, the rotational symmetry refers to 
the element or portion in general, disregarding any openings 
formed in that element or portion, Which may break the rota 
tional symmetry. 
A straight passage 210 is formed through the body 202 

betWeen the side portions 206 and 208. The passage 210 is 
co-axial to a central axis extending betWeen the tWo side 
portions 206, 208, Which de?nes the axis of rotation for the 
rotary valve 30. The passage 210 is dimensioned to alloW a 
drive shaft to be inserted therethrough, as Will be described in 
more detail herein beloW. 
The body 202 also has a chamber 212 formed therein. The 

chamber 212 is open toWards both side portions 206, 208 at 
respective openings 216, 218. The openings 216, 218 are of 
the same shape and dimensions and, as can be best seen in 
FIG. 15, each of the openings 216, 218 has approximately a 
C-shape, partially surrounding the central passage 210. Each 
openings 216, 218 may extend more than 180° in a direction 
of rotation of the rotary valve 30. 














